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Polythiophenes (PTs) have been synthesized by chemical 
oxidative polymerization of thiophene in the presence of an 
anionic surfactant dioctyl sodium sulfosuccinate (AOT) using 
ferric chloride as an oxidant in chloroform solvent. Different 
monomer/surfactant ratios have been employed to study the effect 
of surfactant on synthesis and properties of polythiophenes. The 
PTs have been characterized by FT-IR spectroscopy, wide-angle 
powder X-ray diffraction and elemental analysis. The properties 
of PTs prepared using AOT surfactant have been compared with 
those of PT synthesized without surfactant. Four probe electrical 
conductivity measurements of the samples reveal that the 
conductivity is in the range of (7.4–1.0)×10-3 S cm-1 for AOT 
doped polythiophene samples. The band gap of the polymers 
determined from diffuse reflectance spectroscopy is in the range 
of 2.25–2.50 eV. Scanning electron microscopic images of the 
samples exhibited spherical nanoparticle morphology with size in 
the range of 800 ± 50 nm. 
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Research on conducting polymers has been extensive 
for the last three decades mainly due to many 
advantages they possess over conventional metal and 
inorganic based systems like flexibility, lightweight, 
tunable conductivity, optical properties and so on 1-9. 
Conducting polymers possess electrical properties as a 
result of the delocalization of electrons along the 
polymer backbone. Some of the exclusively studied 
conducting polymers are polyacetylene, polythiophene, 
polyaniline, polyphenylene, polyphenylenevinylene 
and polypyrrole4-7. Polythiophene and its derivatives 
have the added advantage of good thermal and 
environmental stability. Polythiophenes find potential 
application in light-emitting diodes, polymer, 
electrodes, thermochromic devices, sensors, solar 
cells and transistors5-9  
Polythiophene is synthesized mainly by three 
methods: (1) electrochemical polymerization,  
(2) metal-catalyzed coupling reactions, and  
(3) chemical oxidative polymerization9-20. Good 
quality polythiophene can be synthesized directly on 
the electrode by electrochemical polymerization. 
However, the synthetic parameters which depend on 
many factors such as concentration, dopants, solvents, 
cell geometry, and current-voltage characteristics 
should be optimized5,9-11. McCollough et al.12,13 
reported the synthesis of regioregular polyhexyl 
thiophene which has remarkable electronic and 
photonic properties.Yamamoto et al.14 reported the 
polycondensation of 2, 5-dibromothiophene catalyzed 
by Ni(bipy)Cl2. Similar results were also observed by 
Lin and Dudek15 in their Ni, Pd, Co, and Fe catalytic 
system. In 1984, Yoshino et al.16 found unsubstituted 
thiophene could be polymerized by ferric chloride in 
chloroform. They also explored polymerization of 
hexylthiophene with metal halides like Fe(III),  
Mo(V) and Ru(III). Direct chemical oxidative 
polymerization of thiophene and alkylated thiophene 
with ferric chloride has been reported17-20.  In situ 
chemical oxidative polymerization is the one method 
for producing electrically conducting polymer 
backbone, since electrons removed during oxidation 
were replaced by charge carriers like polarons or 
bipolarons and the electrical charge created was 
neutralized by dopants5,6. 
Chemical oxidative polymerization of thiophene 
and its derivatives in the presence of anionic 
surfactant have not been studied in detail. Therefore, 
in the present investigation, thiophene is polymerized 
using ferric chloride via oxidative route in presence of 
AOT as a anionic surfactant. Synthetic optimization 
and understanding the mechanism of formation of 
such chemical oxidative route in presence of anionic 
surfactant are crucial for the polymer nanocomposite 
preparation and other applications. The synthesized 
conducting polythiophenes were characterized by  
FT-IR and elemental analysis. Powder X-ray 
diffraction of the polymer nanomaterials showed an 
enhancement in the solid state ordering with increase 





microscopic studies revealed that spherical particle 
morphology of polythiophene. The four probe 
electrical conductivity measurement of the samples 
revealed the conductivity in the order of 10-3 S/cm. 
The band gaps of the polymer were determined by the 
UV-visible diffuse reflectance studies.  
 
Experimental 
Thiophene, dioctyl sodium sulfosuccinate (AOT), 
ferric chloride and ammonium persulfate were 
purchased from Sigma Aldrich. Solvents like 
chloroform, deionised water and acetone were 
purchased from Merck. 
FT-IR spectra of the samples were recorded on a 
Shimadzu FT-IR spectrometer with KBr pellets in the 
range of 4000–400 cm-1. The elemental analysis 
(CHNS) of the samples was recorded by Elementar 
Vario EL III. Powder X-ray diffraction of the samples 
was recorded using Anton Paar, TTK 450 
diffractometer with the 2θ values ranging from 3°- 80°. 
For scanning electron microscopy, polymer samples 
were subjected to a thin gold coating and images were 
recorded on JOEL model JSM - 6390LV instrument. 
Thermogravimetric analysis (TGA) of the samples 
was carried out on a Perkin Elmer, Diamond TG/DTA 
instrument at heating rate of 10 °C per min. 
Conductivity was measured using Kiethley 6221 DC 
and AC current source and 2191A nanovoltmeter. The 
resistance of the samples was measured at five 
different positions. Diffuse reflectance spectra of the 
samples were recorded on a Varian, Cary 5000  
UV-visible spectrometer using an external DRA 2500. 
For the synthesis of PT-0, the monomer:surfactant 
ratio for PT-0 was kept as 1:0. Thiophene (1 mL,  
12.5 mmol) was added to 20 mL chloroform  
and sonicated for 5 min. Ferric chloride (15.0 mmol, 
2.43 g) was dispersed in 10 mL chloroform was added 
dropwise to the monomer solution. It was sonicated for 
15 min and then stirred using a magnetic stirrer for 3 h 
at 30 °C. The resultant polymer was filtered and 
washed using water and then with acetone. The 
polymer was dried in vacuum oven at 60 °C.  
Yield = 62%. FT-IR (KBr, cm-1) 1614, 1325, 1196, 
1104, 1021, 784, 686; Elemental comp. : Calc. wt%: 
C = 44.97, S= 26.71, H= 2.89. 
For the synthesis of PT-25, the monomer:surfactant 
ratio for PT-25 was kept as 1:1/25. AOT (22 mg,  
0.50 mmol) was dissolved in 20 mL chloroform and to 
this solution was added thiopene (1 mL, 12.5 mmol). 
The above solution was sonicated for 5 min. Ferric 
chloride (15 mmol, 2.43 g) dispersed in 10 mL 
chloroform was added dropwise to the monomer 
solution, sonicated for 15 min and stirred using a 
magnetic stirrer for 3 h at 30 °C. The resultant 
polymer was filtered and washed first with water and 
then with acetone. The polymer was dried in vacuum 
oven at 60 °C. Yield = 62%. FT-IR (KBr, cm-1) 1650, 
1521, 1315, 1207, 1114, 1026, 778, 691; Elemental 
comp. : Calc. wt% : C=53.73,S= 31.21, H=3.74 
Similar synthesis was carried out for PT-50, PT-75 
and PT-100 by changing  monomer surfactant ratio  
to 1:1/50, 1:1/75 and 1:1/100 repectively (see 
Supplementary data). 
 
Results and discussion 
Polythiophenes (PTs) were synthesized via the 
chemical oxidative polymerization route using ferric 
chloride as the oxidizing agent in chloroform. In the 
present investigation, polymerizations were carried 
out both in the presence and in the absence of the 
anionic surfactant, dioctyl sodium sulfosuccinate  
(Fig. 1). AOT is an anionic surfactant which has a 
double tail and a polar head and forms micelles  
in both aqueous and non-polar solvents21,22. 
Monomer/surfactant ratio was varied to study the role 
of anionic surfactant on solid state ordering and 
morphology of the nanomaterial. We have carried out 
the polymerization in hexane (non-polar) and aqueous 
(polar) medium using anhydrous ferric chloride and 
ammonium persulfate. No polymer formation was 
observed with ammonium persulfate as oxidizing 
agent both in aqueous and organic phase in the present 
conditions. Ferric chloride polymerizes thiophene in 
chloroform and hexane; however polymerization  
was effective only in chloroform. Formation of 
polythiophene by ferric chloride as oxidizing agent has 
been reported similarly in literature without surfactant 





















Fig. 1 – Synthesis of polythiophene using ferric chloride as 
oxidizing agent with and without anionic surfactant AOT. 




In a typical synthesis of PT-25 (monomer: 
surfactant ratio [1:1/25]), thiophene was added to 
AOT dissolved chloroform solution by sonication. 
Sonication of the monomer-surfactant mixture 
provides stabilization of monomer-surfactant complex 
in solution, which acts as a soft template for polymer 
formation. To the monomer-surfactant mixture, ferric 
chloride dispersed in chloroform was added drop wise 
to the monomer solution. The chemical oxidative 
polymerization of thiophene initiated by sonication 
during the first 15 min and then magnetically stirred 
for remaining 3 h (Supplementary data, Fig. S1). The 
resultant brown colored polymer was filtered and 
washed with water to remove water soluble ions and 
then with acetone to remove oligomeric species. The 
polymer was dried in vacuum oven at 60 °C. The 
number of moles of the AOT used for PT-25 synthesis 
was lower than about 1/25 moles of the monomer. 
The monomer-oxidant ratio was kept as 1:2.  
Similarly, the synthesis of PT-50, PT-75, PT-100 
were carried out by varying the thiophene: AOT mole 
ratio as 1:1/50, 1:1/75 and 1:1/100 respectively (see 
Table 1). Synthesis of polythiophene without the 
addition of AOT was denoted as PT-0.  
FT-IR spectra of the polymer samples were 
recorded to confirm the formation of the 
polythiophene using KBr pellet method (Fig. 2). The 
FT-IR spectrum of PT-25 show peaks at 1628 cm-1, 
1526 cm-1, 1325 cm-1, 1211 cm-1, 1025 cm-1, 841 cm-1, 
787 cm-1 and 688 cm-1. The strong peaks at 1628 and 
1526 cm-1 represent asymmetric and symmetric ring 
stretching contribution from –C=C- and –C-C– of the 
thiophene rings in polythiophene. The peak at  
1326 cm-1 is due to ring breathing. The peaks present 
at 1199 (w), 1112 (m) and 1025 (m) cm-1 are due to 
the C-H in plane deformations.  The peaks present at 
787 (m) and 688 (m) are due to C-S stretching mode 
and C-H out of plane deformation, respectively17-19. 
FT-IR peaks are in accordance with characteristic 
peaks of polythiophene. Interestingly, the carbonyl 
C=O and S=O peaks of AOT were missing in all the 
PT samples (PT-25, PT-50, PT-75 and PT-100) and 
their peaks observed matched with that of PT-0. The 
very low concentration of AOT surfactant used in  
PT-25, PT-75 and PT-100 may be the reason for 
absence of the surfactant peak. The elemental analysis 
of the PTs (PT-25 to PT-100) in comparison with  
PT-0 reveals only 5% increase in the sulfur content in 
these doped samples, which comes from the 
surfactant (see Table 1). Therefore, it is very difficult 
to quantify the amount of AOT present in the doped 
samples from the spectroscopic techniques. 
The solid state ordering of the samples was analyzed 
by powder X-ray diffraction analysis (Fig. 3a). 
Polythiophene samples synthesized using AOT (PT-25, 
PT-50, PT-75 and PT-100) show a characteristic 
broad peak between 2θ values 15° and 23° and the 
maximum centered at 18°. This peak usually arises 
due to the polymer chain arrangement from 
amorphous domain. Interestingly, with increase in 
surfactant concentration (from PT-100 to PT-25) the 
amorphous chains become ordered, as is evident from 
Table 1 – Experimental conditions, yield of the product and conductivity of the polythiophene samples 
Sample Thiophene (moles) AOT (moles) Thiophene/AOT (Mole ratio) Elemental sulfur (%) Yield (g) Conductivity (S/cm) 
PT-0 0.0125 0.00000 1:0 26.71 0.6220 4.7×10-5 
PT-25 0.0125 0.00050 1:1/25 31.21 0.6240 7.39×10-3 
PT-50 0.0125 0.00024 1:1/50 31.72 0.6101 2.93×10-3 
PT-75 0.0125 0.00016 1:1/75 32.23 0.5173 1.93×10-3 










increase in sharpness and intensity of the peaks23, 24. 
Solid state ordering of the PT-0 was least intense 
among all the samples. X-ray diffraction studies 
indicate that the surfactant plays a crucial role in the 
ordering of the polythiophene materials. To support 
the above observation, peak area was calculated by 
Gaussian method and plotted against surfactant 
concentration (Fig. 3b and Supplementary data, Fig. S2). 
On increase in surfactant concentration from PT-100 to 
PT-25, peak area of the samples increased from 500 a.u 
to 2100 a.u. Lower angle peaks (below 10θ values) 
were not prominently present in the PT samples, 
indicating that lamellar kind of surfactant arrangement 
was absent. This could be due to poor doping of the 
AOT and low concentration used in the present 
conditions, which is in accordance with our previous 
observations of FT-IR spectra and CHNS analysis.  
Four probe electrical conductivity of samples were 
measured by four probe conductivity meter setup  
using Kiethlys current source and nanovoltmeter. 
Polythiophene samples, P-25, P-50, P-75 and PT-100, 
show a semiconducting behavior with  conductivities 
of 7.39×10-3, 2.93×10-3, 1.93×10-3 and 1.00×10-3 S/cm 
respectively (Table 1 and Supplementary data). The 
observed conductivity of the polythiophene samples 
decreases with decrease in surfactant concentration, 
which was similar to one that reported in literature25. 
The conductivity studies reveal that synthesized 
polythiophene samples exhibit conductivity within the 
range reported for polythiophene17-19. The conductivity 
of the polythiophene samples was due to the movement 
of charge carriers like polarons and bipolarons. Poor 
doping prevents higher conductivity and generation  
of high band gap in the polymers. The band gap of  
the polythiophene synthesized was determined from 
the UV-visible diffuse reflectance spectra (Fig. 4).  
The band gap of the polymer PT-0 was found to be 
2.50 eV, while PT-25 and PT-50 had the values of  
 
 
Fig. 3 – (a) Powder WXRD studies of PT-25, PT-50, PT-75,  





Fig. 4 – Diffuse reflectance spectra of the (a) PT-25, (b) PT-50 
and (c) PT-0. 
 




2.25 eV. The semiconducting nature of the materials 
can be attributed to this band gap values. 
Polythiophene derivatives like poly(3-hexylthiophene) 
and poly(3,4-ethyledioxythiophene) show a higher 
conductivity than this due to good doping conditions 
and special methods used to inject charge carriers25-30. 
The AOT is an efficient micellar structure directing 
molecule in water and non-aqueous medium. 
Therefore, it would be interesting to understand the 
morphology features of the polymer materials. 
Polythiophene samples were subjected to scanning 
electron microscopic studies (SEM) to understand the 
morphology. SEM images of PT-25, PT-75 and PT-0 
are shown in Fig. 5. PT-25 and PT-75 has spherical 
with size in the range of 800 ± 50 nm. On the other 
hand, PT-0 shows an irregular shape throughout the 
sample. The spherical shape of the polymer 
nanomaterial may be attributed to the formation of 
spherically shaped monomer-surfactant complex that 
may act as a template for the polythiophene 
nanospheres31-36. 
Thermal stability of the polymer samples were 
studied by thermogravimetric analysis at a heating rate 
10 °C per minute under nitrogen atmosphere (Fig. 6). 
All the samples (PT-25, PT-50, PT-75, PT-100) show 
only 10% weight loss around 260 °C indicating the 
thermal stability of the polymer. However, the mass 
loss increases to 50-60% on raising the temperature 
500 °C due to the decomposition of carbon from 
polymer chain16.  
Poor solubility of the polythiophene nanomaterials 
in organic and aqueous media prevents the practical 
applications of the material in solution. However, the  
in situ chemical oxidative synthesis of polythiophene in 
presence of a soft micellar template like AOT could be 
further extended as an attractive approach for 
polythiophene-carbon nanocomposite preparation37,38. 
Both polythiophene and multiwalled carbon nanotubes 
(MWCNT) have poor dispersibility in common solvents. 
The huge aspect ratio and the non covalent forces 
present in carbon nanotubes enable them to aggregate in 
bundle. The aggregation of MWCNT can be rectified by 
composite preparation via in situ polymerization of 
thiophene in presence of MWCNT39,40.  
In the present study, polythiophenes were prepared 
by chemical oxidative polymerization of thiophene 
using an anionic surfactant, AOT, in chloroform, and 
characterized by FT-IR, elemental analysis and 
WXRD. FT-IR spectra of samples confirm the 
 
 
Fig. 5 – SEM images of PT-25, PT-75 and PT-0. 
 
 






formation of the polythiophenes and the peaks obtained 
were in accordance with those reported for 
polythiophene in literature. The C=O and S=O peaks of 
the dopant were not observed in FT-IR spectra, 
probably due to lower dopant concentration. CHNS 
analysis indicates that there was only 5% difference in 
the sulfur content between PT-0 and other samples 
(PT-25, PT-50, PT-75 and PT-100). Poor doping of 
anionic surfactant could be attributed to low amount of 
dopant taken in the present study or weak electrostatic 
interaction between polymer and dopant. Powder x-ray 
diffraction studies indicate the increase in solid state 
ordering with increase in amount of surfactant. The 
four probe solid state conductivity of the polythiophene 
samples was in the range of (7–1)×10-3 S cm-1.  
The SEM images indicate that of most of 
polythiophene samples are of spherical nature with size 
of in the range 800 ± 50 nm. The polymer samples 
showed a 10% weight loss around 200 °C. The study 
shows that the presence of an anionic surfactant 
controlled the solid state ordering and morphology of 
the polythiophene nanomaterials. In situ chemical 
polymerization used in the present study, can an easy 
applied for producing PT-CNT nanocomposite for 
producing good dispersion in chloroform.  
 
Supplementary data 
Supplementary data associated with this  
article, i.e., details of syntheses of PT-50, PT-75 and 
PT-100, and, Figs S1 and S2, are available in the 
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